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Abstract 
The appearance quality of soybean was important for its commercial value. In this study, seed appearance qualities of 
235 soybean varieties collected from Chinese Soybean Mini Core Collection including seed shape, seed color, hilum 
color, glossy seed coat, rate of mottling, seed size (seed length, width and thickness) as well as 100-seed weight were 
analyzed. The results showed most of the soybeans were with yellow seed coat, brown hilum, glossy seed coat, and in 
an elliptical shape. Significant difference was detected between seed size and 100-seed weight. Correlation analysis 
indicated seed width showed positive relation with seed length or thickness, respectively (P<0.01). Seed size was 
positively related with 100-seed weight, but only accounting for 39.7% of the variance. ANOVA was performed to 
analyze seed size and 100-seed weight of different soybean varieties collected in various ecotypes, which indicated 
North-East Spring soybean (NESp) showed the best seed traits compared with the other varieties from various 
regions, followed by Huanghuai Summer soybean (Hsu). The seed size and 100-seed weight of South Spring soybean 
(SSp) was relatively lower compared with the others. This report was helpful for the genetic improvement on 
soybeans grown in different geographical locations. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
  The appearance qualities of vegetable soybean including seed shape, seed color, hilum color, seed 
size, glossy of seed-coat, regular degree, plumpness degree, rate of mottling seeds and percentage of seeds 
damaged by pests were important parameters for the characteristic evaluation. In China, amelioration on 
appearance quality of soybean played important roles in the production and export of soybean as well as 
commercial value [1]. Wang et al reported seed size was related with protein and/or fat content, and pest 
invasion was associated with increase of protein content and decrease of fat percentage, indicating the 
appearance quality could affect the chemical quality of soybeans [2]. Interestingly, Yang et al noted no
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significant difference was detected in protein and fat content in soybean seeds infected with Cercospora
sojina Hara and pest invasion [3]. However, a previous report showed negative correlation between 
mottling rate and fat content in soybean [4]. This demonstrated the appearance quality of soybean was vital 
for its chemical quality and commercial application.  
In 1993, Fu et al reported the appearance quality of soybean seed was affected by genetic factors and 
the interaction between varieties and their environments [5]. Another study showed the maternal 
heritabilities of seed width and thickness were extremely high. To enhance these two traits, individual 
maternal selection was necessary at early generation [6]. To our knowledge, genetic background was 
crucial for the appearance quality of soybean, followed by environmental influences. Chinese Soybean 
Mini Core Collection across the sampling methods included more than 70% of the diversity with a 
sampling proportion of 1%, demonstrating abundant genetic variation in soybean [7]. Thus, genetic 
diversity analysis for the appearance qualities of these varieties was necessary to explore new germplasm 
and make full use of the excellent genes for breeding. In this study, identification and analysis of 
appearance quality was performed through Chinese Soybean Mini Core Collection to investigate the 
genetic diversity of appearance quality in Chinese soybean and its potential influence factors, which can 
provide some information for the genetic breeding.  
2. Materials and Methods 
2.1 Plant materials  
A 235 Mini Core Collection was derived from National Crop Genebank of China (kindly provided by 
Dr Lijuan Qiu from Chinese Academy of Agricultural Sciences, CAAS). The appearance quality 
investigated in this study included seed shape (circular, elliptical and thin flat), seed color (yellow, black, 
cyan and dark brown), hilum color, gloss of seed-coat, seed size, rate of mottling seeds, and 100-seed 
weight.  
2.2 Seed traits determination  
For the determination of seed size, 50 high quality seeds without hollow seed or disease infection were 
chosen to determine the length, width and thickness of the seeds, respectively. One hundred soybean 
seeds with plumpness degree and integrity were applied for the 100-seed weight determination. Fifty 
seeds were randomly chosen for the determination of mottling rate. Mean values were calculated after 2 
to 3 repeats. 
2.3 Statistical analysis  
Correlation analysis and ANOVA was performed with SPSS 15.0 software and Excel 2007.  
3. Results and Discussion 
3.1 Genetic variation of soybean seed color  
    Most of the seed coats were in a yellow color (56.65%). The percentage of dark brown, black and cyan 
seed coat color was 15.15%, 14.59% and 13.30%, respectively. For the hilum color, the percentages of 
brown and yellow were 73.91% and 21.74%, respectively. Most of the seeds were with glossy seed coat, 
accounting for 57.45%. The rate of mottling soybean seeds demonstrated the extent of pest invasion, and 
was crucial for the appearance quality of soybeans. In our study, the percentage of non-mottled soybean 
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seed, disease spots rate less than 20% were 21.29% and 52.77%, respectively, while the mottled seed with 
a rate of more than 60% only account for 16.2%.
3.2 Genetic variation of soybean seed shape  
About 63.40% of the seeds were elliptical in shape, followed by thin flat (22.55%) and circular 
(14.04%). According to the data indicated in Table 1, remarkable variation differences (approximately 2-3 
folds) were detected in the maximum and minimum seed length, width and thickness. Maximum variation 
difference was detected in 100-seed weight with a coefficient of variation (CV) of 30.47%, in which the 
maximum 100-seed weight was about 7 folds of the minimum 100-seed weight (34.21g vs 4.84g).  
Table 1 Genetic variation of soybean seed length, seed width, seed thickness and 100-seed weight in Chinese soybean mini-core 
collection
 Range Average Standard deviation Coefficient of variation 
Seed length (mm) 4.8-10.5 7.5 0.95 12.61 
Seed width (mm) 3.4-8.5 5.9 0.89 14.96 
Seed thickness (mm) 1.9-7.2 4.4 1.11 25 
100 seed weight (g) 4.84-34.21 15.16 4.62 30.47 
    Based on the distribution frequency in Figure 1, most of the seed length, width and thickness were 
7.0mm-9.0mm, 5.5mm-6.5mm and 4.0mm-5.25mm, respectively. In addition, most of the 100-seed 
weight was ranged from 10.0g to 16.7g. Furthermore, there were 38 varieties with 100-seed weight of 
more than 20g.  
3.3 Correlation analysis between seed size and 100-seed weight  
A correlation analysis of seed length, width and thickness was performed, the results showed 
significant difference was detected in seed width compared with seed length and thickness (r=0.67, r=0.7, 
P<0.01). The correlation coefficient r of seed length and thickness was 0.3, demonstrating low correlation 
was detected. A correlation analysis was performed to evaluate the relation between 100-seed weight and 
seed size, which indicated the r values were 0.47, 0.63 and 0.61, respectively, and remarkable difference 
was also detected (P<0.01, Figure 2). It indicated seed size was an important factor for 100-seed weight in 
soybean. Seed width and seed size showed the highest correlation with the 100-seed weight, however, 
these two traits could only explain less than 40% variation of 100-seed weight (39.7% and 37.2%, 
respectively). Moreover, no correlation was detected between 100-seed weight and length/width ratio, 
length/thickness ratio, or width/thickness ratio, implying the amount of dry matter accumulation was the 
main factor to affect 100-seed weight  
3.4 Variation of seed size and 100-seed weight from different regions in China  
As the Chinese Soybean Mini Core Collection was collected from nation wide, a comparative study 
was performed to analyze the seed size of different varieties from various geographical locations. Our 
analysis indicated significant difference was observed in seed size of soybeans collected from different 
locations (Table 2). North Spring (NSp) soybeans showed the maximum seed length while South Spring 
(SSp) soybeans showed the minimum seed length. Remarkable difference was noted after statistical 
analysis (P<0.05). Seed widths of North-East Spring (NESp) soybeans and Huanghuai Summer (HSu) 
soybeans were relatively larger. In addition, the seed width of NESp showed remarkable difference 
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compared with HSu, Changjiang Spring (CSp), SSp and SSu (South Summer) soybeans (P<0.05). Among 
all these varieties grown in the 6 regions, NESp showed the maximum seed thickness with an average of 
5.19 mm compared with the other varieties in different regions (P<0.05). With regards to the 100-seed 
weight, maximum average 100-seed weight was observed in NSp variety (16.72g), lower average values 
were noted in CSp and SSp varieties (13.29 and 13.76, respectively). Significant difference were detected 
in these varieties (P<0.05). No statistical difference was detected in the 100-seed weight of the other 
varieties in different regions. 
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Figure 1. Frequency distribution of soybean seed length (GL), seed width (GW), seed thickness (GH), and 100-seed weight (HGW) 
in Chinese soybean mini core collections 
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Figure 2 Correlation analysis among soybean seed length (A), width (B), thickness (C) and 100-seed weight 
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Table 2 The characterization of the size of soybean origin from different plant area in China 
 Origin Average Standard deviation Max Min 
Seed Length SSp 7.1a 0.78 5.4 8.5 
CSp 7.3ab 0.89 5.5 8.5 
SSu 7.5ab 0.96 6.3 10.2 
HSu 7.7b 0.82 5.9 9.1 
NESp 7.7b 1.01 4.8 9.5 
NSp 7.8b 1.04 5.8 10.5 
Seed width SSp 5.7a 0.91 4.0 7.2 
CSp 5.7a 0.86 4.1 7.3 
NSp 5.8a 0.71 4.5 7.2 
SSu 5.9a 0.79 4.5 7.9 
HSu 6.0ab 0.78 4.4 7.7 
NESp 6.3b 0.85 4.4 7.9 
Seed thickness NSp 4.0a 1.15 2.0 6.4 
CSp 4.1ab 0.65 2.7 5.6 
HSu 4.2ab 1.04 2.0 6.5 
SSu 4.4ab 0.81 2.7 6.1 
SSp 4.6b 0.73 3.2 6.0 
NESp 5.2c 1.36 2.0 6.9 
100-seed weight CSp 13.3a 2.40 9.3 16.9 
SSp 13.8ab 3.99 8.0 21.8 
SSu 14.8abc 5.24 7.5 34.2 
NSp 14.8abc 3.10 9.7 22.8 
HSu 15.7bc 4.48 6.5 25.6 
NESp 16.7c 4.18 5.5 25.9 
Note: NESp:North-East Spring; NSp: North Spring; HSu: Huanghuai Summer;  
CSp: Changjiang Spring; SSp: SouthSpring; SSu: South Summer 
In general, the seed size and 100-seed weight of NESp soybeans was at the highest level, followed by 
Hsu. SSp showed the minimum seed size and 100-seed weight in all these 6 varieties.     
Screen of soybean resources with excellent seed traits. As the commercial preference of soybeans with 
large seed size and heavy 100-seed weight, we aimed to screen these soybeans from the Chinese Soybean 
Mini Core Collection. In this study, 8 varieties were obtained with length >8.5mm, width >7mm, 
thickness >6mm, 100-seed weight >20g, 3 (Maoyandou, Siliyuan and Jinzhou 4-1) of which were 
soybeans with yellow seed coat. Currently, black soybean, with numerous nutrition including protein, fat, 
carbohydrate, calcium, phosphor, ferrum, carotene and other ingredients that human body needed, showed 
great commercial value. In this study, appearance quality analysis was conducted from the 30 soybean 
varieties in Chinese Soybean Mini Core Collection. The analysis indicated the average length, width, 
thickness and 100-seed weight were 7.8mm, 5.4mm, 3.7mm and 13.1g, respectively. Two varieties were 
observed with relatively higher 100-seed weight, i.e. a SSu variety collected from Dantu city (19.9g) and 
a premature variety of Hsu (22.5g). For the seed size evaluation, a variety designated as Heipilvrou 
Soybean (black seed coat and green meat) showed the maximum seed size (length 10.8mm, width 8.5mm, 
thickness 3.7mm, 100-seed weight 34.3g). All these information was helpful for the genetic improvement 
of appearance quality, nutrition quality as well as the investigation of genetic mechanism for soybean 
seed traits.  
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4. Conclusion 
    1. Genetic variations were noted in the seed appearance quality of soybeans from Chinese Soybean 
Mini Core Collection, which laid the foundation for the genetic improvements of seed appearance quality.  
    2. The seed size could only account for less than 40% of the phenotypic variation. Thus, dry matter 
accumulation (or seed hardness) might be the main factors affecting the 100-seed weight of soybeans. 
    3. NESp showed the best soybean seed traits compared with the other varieties obtained from 
various regions, followed by Hsu. The seed size and 100-seed weight of SSp was relatively lower 
compared with the other varieties in other regions. Genetic improvement could be performed based on 
these information.  
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